Objective: The intake of adequate amounts of iodine during pregnancy is essential for the neurological development of the fetus. The aim of this study was to assess iodine nutrition status in pregnant women from the state of São Paulo, Brazil. Material and methods: We analyzed urinary iodine concentration (UIC) in 191 pregnant and 58 non-pregnant women matched by age. We used the World Health Organization criteria to define sufficient iodine supply (median UIC: 150-249 µg/L among pregnant women, and 100-199 µg/L for non-pregnant women). Results: Median UIC of the pregnant women studied was lower than the recommended value (median = 137.7 µg/L, 95% CI = 132.9 -155.9), while non-pregnant women had UIC levels within the appropriate range (median = 190 μg/L; 95% IC = 159.3-200.1). UIC was below 150 µg/L in 57% of the pregnant women. Conclusions: Although a larger sample is needed to consolidate these findings, these results raise concerns about the adequacy of the iodine supply of pregnant women in Brazil, especially considering the new determinations of the Brazilian government, which have recently reduced the concentrations of iodine in 
INTRODUCTION
P regnancy is associated with substantial changes in thyroid physiology, with high stress on iodine homeostasis (1) . An adequate iodine intake during this phase is essential in order to prevent adverse events in mother and fetus, since moderate to severe iodine deficiency with consequent hypothyroxinemia during fetal development and childhood is related to irreversible brain damage, mental retardation, and neurological deficits (2-5).
During pregnancy, iodine demand is significantly higher than in non-pregnant women (6, 7) . While the daily iodine requirement for non-pregnant women is at least 150 mg/day, this requirement increases to 250 mg/ day in pregnant women in order to maintain adequate free thyroxine (FT 4 ) concentrations. This greater iodine requirement is due to an increase of about 50% of maternal thyroxine production, to the transfer of iodine to the fetus and to the increased renal iodine clearance (7, 8) .
Median urinary iodine concentration (UIC) is the biochemical marker most frequently used to assess iodine deficiency in a population. The rationale is based on the observation that renal excretion corresponds to more than 90% of iodine losses and is positively correlated with nutritional intake (9) . In addition to being a valuable diagnostic tool, it is an efficient, low-cost, harmless and technically simpler method than other tests used to determine iodine deficiency. For the overall population, adequate iodine nutrition is defined by a median UIC of at least 100 μg/L (with < 20% of the population having UIC < 50 μg/L), while a median UIC = 20-49 μg/L and a median UIC < 20 μg/L represent moderate and severe iodine deficiency, respectively (10) . A median UIC of 50-149 mg/L has been established as mild to moderate iodine deficiency in pregnant women, with values of 150-249 mg/L indicating iodine sufficiency, and values above 250 mg/L indicating excessive iodine intake (10) .
Several countries have recently assessed iodine nutrition in pregnant women using UIC. It has been observed that, even though iodine intake is sufficient in school age children, deficiency occurs in pregnant women (11) (12) (13) (14) . These observations justify the need for constant monitoring in these at-risk populations. In Brazil, despite the presence of universal salt iodination for human consumption in order to guarantee an adequate intake of this micronutrient, there are no recent data about iodine sufficiency in the population (an evaluation by the Health Ministry is currently underway), and no studies have been conducted on pregnant women. Based on this, the objective of the present study was to assess iodine sufficiency in pregnant women from the northeastern region of the state of São Paulo, the most populous state in the nation.
MATERIAL AND METHODS
This was a cross-sectional observational study of pregnant women residing in Ribeirão Preto, São Paulo, Brazil, conducted from August 2008 to November 2009. The city of Ribeirão Preto is located in the Northeast region of the state of São Paulo, at a distance of 350 km from the sea. Its inhabitants have a reduced habit of fish and dairy product intake, and have difficult access to seafood. According to official 2010 data, Ribeirão Preto has 600,000 inhabitants and approximately 8,000 children are born in the city per year.
A total of 191 pregnant women consecutively receiving their first routine prenatal visit at primary care units participated in the study. Inclusion criteria were age greater than 18 years and gestational time of up to 14 weeks regardless of associated diseases, but with the absence of a history of thyroid disease. A 10-mL venous blood sample and a 10-mL urine sample were collected from each selected woman between 07:00 and 09:30 h after an 8-hour fast, and frozen at -70°C until the time for analysis. Information was obtained regarding the use of tobacco, food supplements and vitamins, and data were collected with a directed questionnaire for the detection of hypothyroidism on a clinical basis. Data on physical examination were also obtained including weight, height, palpation of the thyroid gland, heart rate, and systemic arterial pressure.
Plasma TSH, free thyroxine fraction (FT 4 ), total thyroxine fraction (TT 4 ), anti-thyroglobulin antibody (anti-Tg), and anti-thyroperoxidase antibody (anti-TPO) were determined by chemoluminescence (Immulite 2000, DPC Cirrus Inc. Los Angeles, CA) in a single assay. The intra-assay errors calculated for TSH, FT 4 and TT 4 were 3.1%, 2.6% and 2.1% for TSH, FT 4 and TT 4 concentrations in the ranges of 1.5 mIU/L, 1 ng/dL and 9.5 µg/dL, respectively. The interassay errors were 5.6%, 3.3% and 4.8% for TSH values of 0.2, 3.8 and 16.8 mIU/L; 11.4%, 3.9% and 3.9% for TT 4 values of 12.7, 8.9 and 13.7 µg/dL; and 4.3 and 2.6 % for FT 4 values of 1.0 and 2.5 ng/dL, respectively.
UIC was determined by the modified SandellKalthoff reaction (15, 16) , with chloric acid being replaced with ammonia persulfate (17) . The reference UIC value for pregnant women was considered on the basis of the international WHO/UNICEF/ ICCIDD criteria (10) as follows: median UIC < 150 µg/L was considered to represent iodine insufficiency, UIC = 150-249 µg/L to represent adequate values, UIC = 250-449 µg/L to represent more than adequate values, and UIC = 500 µg/L or more to represent excess urinary iodine.
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Fifty-eight non-pregnant and non-nursing women matched by age with the pregnant women, taking no food or vitamin supplement, and living in the city of Ribeirão Preto were invited to provide a urine sample for UIC determination, representing the control nonpregnant group.
Data are reported as medians or means ± SD. Statistical analysis was performed using the SSPS software. The Mann Whitney U-Test was used for group comparisons. The level of significance was set at p < 0.05 in all analyses.
The study was approved by the Ethics Committee of the University Hospital, School of Medicine of Ribeirão Preto-USP, and all subjects signed a written informed consent form to participate.
RESULTS
The mean (± SD) age of the pregnant women was 25.7 ± 5.6 years, with a median of 25 years (range: 18-42 years). Mean gestational age at the time of evaluation was 9.7 ± 2.9 weeks, with a median of 9 weeks. Forty pregnant women (20.9%) were smokers, and 39 (20.4%) continued to smoke during pregnancy. Family history of thyroid diseases among 1 st -degree relatives was reported by 14.1% pregnant women. Thirty- -three percent of them had already had a pregnancy, and 24% had a history of miscarriage preceding the current pregnancy. Three pregnant women had autoimmune diseases, 2 had rheumatoid arthritis, and 1 had vitiligo; 34% of them had mild goiter. None of them took supplements containing iodine in their composition. Among the pregnant women, median UIC was 137.7 μg/L (range = 6.1-409.8). A total of 109 pregnant women (57%) presented iodinuria of less than 150 μg/L, with 12.5% having iodinuria of less than 50 μg/L, 19 (9.9%) having iodinuria of more than 250 μg/L, and none having iodinuria exceeding 500 μg/L.
The mean (± SD) age of the non-pregnant and nonnursing women was 28.5 ± 5 years, median UIC was 190 μg/L (range = 46.4 -355.9). Nine of the women (15.5%) had UIC < 100 μg/L. Figure 1 shows the histograms with the distribution of UIC values for both groups, showing an asymmetrical distribution, especially among pregnant women. Iodinuria median values differed significantly between pregnant and non-pregnant women (p = 0.0018). Table 1 shows iodinuria and TSH, FT4, and TT4 values for the pregnant women studied. There was no association between iodinuria and these variables.
DISCUSSION
The results of the present study indicate that a pregnant population from the northeastern region of the state of São Paulo is mildly iodine-deficient, with median UIC of 137.7 μg/L. All pregnant women used iodinated salt, compulsorily sold in Brazil, but the concentration of iodine in salt for domestic use was not determined, which is a limitation of the study. The pregnant women studied did not consume other sources of iodine, such as multivitamin supplements containing iodine (although a few of them reported the use of polyvitamin and polymineral supplements, the formulations used did not contain iodine in their composition), suggesting that table salt was the only source of this mineral.
Since 1953, the Brazilian legislation has demanded the iodination of table salt, first limited to endemic areas, and then extended to the entire country in 1956, although with precarious control. (18, 19) which showed that 86% of Brazilian schoolchildren excreted more than 300 mg/L of iodine in urine, and more than 50% of the salt samples contained more than 60 mg iodine/kg salt. Thus, in 2003, the Anvisa standardized the ideal iodine concentration in salt for human consumption at 20 to 60 mg/ kg (20) . The Health Ministry has recently started to finance the National Survey on the Impact of Salt Iodination (PNAISAL) in order to determine iodine sufficiency in the country, but the results of this evaluation are still pending. Nevertheless, Brazil is considered to be a country with more than adequate iodine intake (21) . Recently (April/2013), the Anvisa decided to reduce iodine concentration to 15-45 mg/kg of salt (22) based on observations of the Brazilian Institute for Geography and Statistics (IBGE), which has stated that the salt intake of Brazilians was high, about 12 grams daily, due in part to the high consumption of industrialized products (www.ibge.gov.br). There are no literature data about iodinuria in Brazilian pregnant women.
In the present study, a comparison with non-pregnant and non-nursing women of the same age range demonstrated significantly higher values in the latter group, suggesting that iodine intake is sufficient in the Ribeirão Preto region. These data corroborate the findings of Alves and cols. (23) Studies conducted in other countries (Northeastern region of England and Australia) have also shown that, in populations considered to be iodine sufficient at the time, 50% of pregnant women were found to have insufficient UIC (25) .
These results, together with those obtained in the present study, indicate the need for iodine replacement in pregnant women during the prenatal period by means of food supplements containing iodine, even in areas of iodine sufficiency. This recommendation is based on the current consensus of the American Thyroid Association (26) , which establishes that women should receive 150 μg/day of supplemental iodine during pregnancy and nursing, and that all vitamin/ mineral preparations should contain 150 µg of iodine. However, only 49% of the food supplements commercially sold in the United States contain iodine (27) .
Although more than half the pregnant women studied had low UIC values, their mean TSH, TT4, and FT4 values were within the range expected for pregnant women and were similar to those of pregnant women with UIC values < 150 µg/L, between 150 and 249 µg/L and > 250 µg/L. However, a high percentage of them had mild goiter at palpation.
The iodine concentration that may pose a risk to the intellectual development of a child has not been properly established. Brain damage is not directly related to the lack of iodine, but is indirectly related to it due to the ability of the thyroid of mother and child to synthesize the thyroid hormones in the presence of the amount of iodine offered. Recent controlled studies have shown that mild to moderate iodine deficiency impairs cognition (5, 28, 29) . It is also known that the deficiency of other nutrients and the effects of goiterinducing substances interfere with the enzymes and transporters used for thyroid hormone synthesis, and worsen the effects of iodine deficiency. One of them is thiocyanate, which can be ingested or be generated in the liver from cyanide in smokers (30) . Deficient intake of iron and of other nutrients also contributes to the harmful effects of iodine deficiency (31, 32) . In the present study, 20% of the pregnant women continued to smoke despite being informed about the dangers of the habit.
This was the first study to analyze iodinuria in Brazilian pregnant women. Based on our findings, pregnant women seen in the public health network have inadequate iodine concentrations. Appropriate monitoring of iodine concentrations in women at fertile age stratified according to social class, including a larger number of pregnant women, is necessary in order to consolidate these results. Additionally, it is necessary to establish the determinants of iodine nutrition among pregnant and nursing women in the country and to determine how iodine concentrations are modified during pregnancy.
